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The search for exotic quantum phenomena and novel functionalities has been among the most tremendous driving forces for the fields of condensed matter physics and materials science. Majorana zero modes, i.e. Majorana fermions which are their own antiparticles and occur at exactly zero energy, are particularly fascinating not only because of their intriguing physics obeying robust non-Abelian statistics, but also due to their potential application as building blocks for topological quantum computer [7, 8] . Although significant progresses have been made recently in one dimensional semiconductor quantum wires coupled with conventional superconductors [9] [10] [11] [12] , decisive evidences of Majorana zero modes have been lacking and many puzzles remain [13] . Topological insulators (TIs), whose hallmark is time-reversal symmetry protected surface states (SS), may offer less restrictive experimental conditions for realizing Majorana zero modes [1, 2] . Theoretically, Majorana zero modes are predicted to occur in vortex cores of three dimensional TIs when they are in close proximity to conventional s-wave superconductors [6] ; however, identifying them experimentally has been challenging mainly because of the small pairing gap ∆ ∼ 1 meV induced by typical conventional superconductors [14] and the extremely small energy splitting ∼ ∆ 2 / F ∼ 10 −3 meV between Majorana zero modes and other low-lying vortex core bound states [15] , where F ∼ 400 meV is the typical Fermi energy of SS [14] . Heterostructure between a topological insulator and a cuprate high temperature superconductor (Fig. 1a) , which has an order of magnitude enhancement in T c and ∆ compared with typical conventional s-wave superconductors, may offer a more feasible approach [16, 17] .
To harbor Majorana zero modes with robust non-Abelian statistics, nodeless superconductivity needs to be induced on the SS of TIs. Although previous tunneling junction experiments have suggested proximity-induced gap of 10 meV at the interface between exfoliated bulk Bi 2 Se 3 and Bi 2 Sr 2 CaCu 2 O 8+δ (Bi2212) samples [18] , two critical questions remain unanswered for the proximity-induced superconductivity: whether the superconducting gap is induced on the SS or on the bulk states, and what is the pairing symmetry. To address these issues and achieve high T c superconductivity in TI, we prepare high quality Bi 2 Se 3 thin films directly on freshly cleaved Bi2212 surface by molecular beam epitaxy (MBE). MBE growth can provide high quality TI films and controllable interface. More importantly, MBE films are suitable for ultra-high vacuum (UHV) measurements, such as scanning tunneling microscopy (STM) and angle-resolved photoemission spectroscopy (ARPES) [19] . The latter can be conveniently used to determine whether the gap is on the topological SS or on 
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We analyze the energy distribution curves (EDCs) taken at photon energy of 50 eV (Fig.2d) to detect the proximity-induced gap on the SS of Bi 2 Se 3 . The linear dispersions of the SS can be observed in the EDCs, with peaks approaching the Fermi energy at two Fermi momenta k L and k R . We further zoom-in the EDCs at these two momentum positions (Figs.2e-f) . A comparison of the EDCs with a reference spectrum taken from a clean metal surface shows clearly that there is a suppression of intensity near E F , i.e. a gap is open.
Following the standard ARPES procedure to extract the gap by the shift of leading edge position [24] , we obtain the gap size of 15 meV on the topologically protected SS. We note that although such large gap can be observed only on films with extremely high quality (sharper ARPES peaks), a smaller gap of 6-8 meV is routinely observed in regular samples measured so far, which is still an order of magnitude larger than that induced by a conventional s-wave superconductor [14] . Surprisingly, despite the d-wave pairing of Bi2212 which is strongly anisotropic with four nodes of zero gap [24] , the induced gap on the SS is rather isotropic (Fig.2g ) and consistent with s-wave pairing.
We examine the data taken at 20 K with photon energy of 30 eV where there is strong intensity contribution from QWSs to check if a gap is induced on the bulk conduction bands. Under such reflection, the s-wave pairing in the Bi 2 Se 3 is even whereas the d-wave pairing in Bi2212 is odd. Fortunately, it is not the case for the Bi 2 Se 3 /Bi2212 heterostructure here (see Fig.1b and Fig.1f) . Indeed, it turns out that the Bi 2 Se 3 reflection directions are at 15
• or 45
• from cuprate nodal directions (supplementary information); consequently a sizable s-wave component is expected in the induced pairing of the TI. Furthermore, because of the smaller gap and longer coherence length ξ ≈ 2hv F /(π∆) ≈ 14.4nm in Bi 2 Se 3 compared with cuprates (≈ 1nm), the d-wave gap is much more fragile against disorder and the formation of small domains; however, the s-wave gap is robust by Anderson's theorem [25] .
Experimentally, we have observed that the pairing gap on the TI's SS is relatively large and nearly isotropic in the entire momentum space (see Fig.2g this will open up a large range of experimental opportunities for observing and engineering a single Majorana zero mode. For instance, STM measurements might be able to distinguish this single Majorana zero mode in a vortex core from other low-lying quasi-particle bound states since the energy splitting between them is on the order of ∆ 2 / F ∼ 0.5 meV, which is within the energy resolution of the state-of-art STM. We note that non-Abelian statistics of the putative Majorana zero mode in a vortex core may not be sufficiently robust due to the QWSs with vanishingly small gap. Tuning the chemial potential away from QWSs should avoid such complication from QWSs.
Methods
The MBE growth and in situ STM experiments were conducted in an MBE-STM combined system with a base pressure of 1.0×10 −10 Torr. Single crystal Bi2212 samples with optimum oxygen doping (T c ≈ 91 K) were grown by traveling floating zone [26] . The Bi2212 samples were cleaved in UHV at room temperature, and annealed at 250
• C for 3 hours to degas the sample holder to avoid contamination of the film caused by outgassing of the sample holder during the growth process. The atomic structures of Bi atoms on the BiO terminated surface of Bi2212 and the well-known supermodulation in the STM topographic image (Fig. 1b) [27] reveal the high quality of the cleaved surface. The characteristic Vshaped gap of 45 meV in the dI/dV spectrum in Fig. 1c confirms that the Bi2212 is still superconducting at near optimum doping and there is only slight change in the oxygen doping after annealing (Fig.S1 in supplementary information) . was calibrated by reference spectra taken from a clean metal (gold or tantalum) surface.
